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Abstract: The shallow lake wetlands in the middle and lower Yangtze River floodplain are important wintering and 
stopover habitats for migratory waterbirds on the East Asia-Australia Flyway. With increasing fishery practices in recent 
years, however, the wetlands have deteriorated significantly and now threaten wintering waterbirds. To gain insight into 
the influence of deteriorating wetlands on waterbirds, we conducted a survey of wintering waterbird species, population 
size, and distribution across 11 belt transects in Caizi Lake and Shengjin Lake, two shallow lakes along the Yangtze River 
in Anhui Province from November 2007-April 2008 and from November 2008-April 2009, respectively. The impacts of 
different fishery patterns on the distribution of waterbirds were also analyzed. A total of 43 waterbirds species belong to 7 
orders of 12 families were counted during the surveys, of which 38 were found in Caizi Lake with a density of 8.2 
ind./hm’, and 42 in Shengjin Lake with a density of 3.5 ind./hm’. Geese (Anser cygnoides), bean geese (Anser fabalis), 
tundra swan (Cygnus columbianus), and dunlin (Calidris alpina) were the dominant species in the two shallow lakes. 
Species number and individual assemble reached maximum at the end of December and in early January of the following 
year, without coincidence of the largest flock for different ecological groups. Based on waterbird diversity across the 11 
belt transects and the fishery patterns, habitats could be divided into three groups. Gruiformes, Anseriformes and 
Charadriiformes had relatively higher densities in the natural fishery zones and lower densities in the cage fishery zones; 
whereas, the density of Ardeidae showed little change across all lake zones. It is important to develop sustainable fishery 
patterns in shallow lakes along the middle and lower Yangtze River floodplain to better protect resources of wintering 
waterbirds. 
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Waterbirds usually show strong dependence on 
wetlands. River mouths, gulfs, and inland lakes are 
important stopover and wintering sites for large flocks of 
migratory waterbirds. Every year, migratory waterbirds 
spend two-thirds of their time in wintering and stopover 
sites. Therefore, safe wintering and migration to their 
breeding areas are key aspects of their annual life history 
(Erwin, 1996). Many wintering waterbird species form 
large colonies, which have similar demand for habitat 
and food resources. They are also highly sensitive to 
environmental change and human disturbance, so 
community species composition characteristics and 
waterbird dynamics are important evaluation indicators 
that reflect habitat quality (Gunaratne et al, 2008; 
Benjamin et al, 2009; Paillissona et al, 2002; Joseph & 
Myers, 2005). 

The shallow lakes connected to the middle and 
lower reaches of the Yangtze River possess copious 
biological resources, and the seasonal hydrological 
changes provide waterbirds with suitable feeding habitats 
in different seasons. This area has therefore become an 
important wintering habitat and stopover site for 
migrating waterbirds on the East Asia-Australia Flyway 
(Barter et al, 2004; Fang et al, 2006). The middle and 
lower Yangtze River floodplain is characterized by dense 
human population and rapid economic development, 
which both impose unprecedented pressure on the lakes’ 
ecosystems. Large-scale and high-density fishery 
aquaculture has caused serious wetland degradation, 
which constitutes a huge threat to wintering waterbirds 
(Zhou et al, 2010). Consequently, research on the 
seasonal changes in the quantity and spatial distribution 
of wintering waterbirds as well as determining the 
patterns of waterbird community dynamics in response to 
changes in the lake environment are important for the 
protection of wintering waterbirds and sustainable 
utilization of lakes. 

To gain insight into the seasonal change of the 
wintering waterbird community in the lakes along the 
middle and lower reaches of Yangtze River, as well as 
determine the influence of fishery practices on bird 
diversity in the wintering community, we selected two 
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shallow lakes connected to the Yangtze River in Anhui 
Province. We conducted a survey on the seasonal 
dynamics of species composition and quantity of 
wintering waterbirds and their resource utilizaiton 
patterns in the two lakes to better understand temporal 
and spatial dynamics of these species in shallow lakes 
and provide basic data for the conservation of the 
wintering waterbird habitat and the sustainable 
exploitation of lake wetlands. 


1 Material and Method 


1.1 Study areas 

Caizi Lakes and Shengjin Lake are two typical 
shallow lakes connected to the Yangtze River in Anhui 
Province. They are located at the north and south banks 
of the Yangtze River, respectively, and function as the 
catchment area to Dabie Mountain and the Southern 
Anhui Mountains. Both lakes are located in the humid 
subtropical climate zone, with annual average 
temperature ranging between 16.5 — 16.7 °C. The 
average temperature in December, January and February 
is below 10.0 °C each year, with the lowest temperature 
occurring in January. The average annual precipitation 
ranges between 1 291.33 — 1 322.23 mm, with the 
majority falling from May-June every year. The water 
levels of both lakes peaks between July-September, 
while the low water period is from November-May of the 
following year. 

The Caizi Lakes (N30.75°-30.97°, 
E117.00°-117.15°) cover an area of 172.3 km? and are 
are composed of the interconnected Xizi Lake, Caizi 
Lake, and Baitu Lake. Caizi Lake connects to the 
Yangtze River at Zongyang Gate, which controls the 
connection between Caizi Lake and the Yangtze River, 
while a low dam separates Xizi Lake and Caizi Lake. 
During the low water period, Xizi Lake has the largest 
water storage, with water levels maintained between 
0.5-1.0 m. The water levels of Baitu Lake and Caizi 
Lake rise and fall with the Yangtze River, however, and 
water levels below 0.5 m exist during the low water 
period. Xizi Lake has experienced a long period of high- 
density fish and crab (Eriocheir sinensis) aquaculture. 
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Consequently, the submerged vegetation and large 
zoobethos have suffered severe devastation. The 
southern deep-water area of Xizi Lake has almost no 
vegetation coverage, and the northern shallow-water area 
has only little vegetation coverage, which consist of 
mainly Zizania caduciflora and Phragmites australis. 
While aquaculture in Baitu Lake and Caizi Lake has a 
short history, aquaculture density is continuously 
increasing and 70% — 80% of the lake body is now 
divided by temporary soil dams into polyculture pools of 
fish and crabs. Large-scale reclamation and cultivation 
has led to changes in hydrological conditions, thus 
accelerating lake sedimentation and swampiness. In 
addition, partial disappearance of the water area has 
occurred (Zhu & Zhou, 2010). Local lake vegetation has 
been significantly damaged and reduced after three years 
of fish and crab polyculture. In contrast, the vegetation of 
the newly developed and natural lake body exhibits 
much better conditions, with major vegetation being 
emergent aquatic plants, including Polygonum orientale 
and reeds, floating leaved plants, including Lemna minor 
and Potamogetoa malaiaaus, and submerged plants, such 
as Ceratophy demersum. 

Shengjin Lake is a national nature reserve 
(N30.25°-30.50°, E116.91°-117. 25°), covering a total 
area of 113.2 km? composed of upper, middle and lower 
small lakes. A dam separates the upper lake from the 
middle lake, 


connection of the Yangtze River and the lake. Its water 


while Huangpen Gate controls the 
level during the high water period ranges from 2 — 3 m, 
while during the low water period it ranges from 0.5 - 1 
m. Extensive areas of marsh, intertidal zone and shallow 
water area appear as the water level falls. In recent years, 
the main exploitation of the lakes include the cage crab 
culture or the polyculture of fish and crabs. The 
vegetation on the lake shore is dominated by Vallisneria 
Phalaris 
malainus, while cedar moss is the dominant submerged 
vegetation (Xu et al, 2008). 
1.2 Methods 
1.2.1 Data Collection 

According to waterbird habitat and fishery patterns 


natans, arundinacea, and Potamogeton 


in the lakes, 11 representative transects were selected 
along the banks of the two lakes, with lengths of 
2.03-2.75 km. The seven transects at Caizi Lake were as 
follows: 1) Caogang (CG) fish culture areas, with over 
10 a of crab culture and major habitats of waterbirds 
being the grass flat and deep-water lake areas; 2) 
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Songshan (SS), Chefu (CF), Xianrang (XR), the 
polyculture areas, with a crab culture history of five- 
eight a and the main habitats being the mud flat, shallow 
lake areas, and grass flat, 3) Zhutan (ZT), the crab 
culture area, with the one-two a culture history and the 
main habitats being shallow lake areas, grass flat; a small 
quantity of mud flats and pools, with polyculture of a 
small number of fish; 4) Meishan (MS), Shuangxing 
(SX), the river entrance, natural fishery area, and in 
winter the major lake body being the hard-bottom grass 
flat; part of MS being turnd into farmland, while part of 
SX includes fish and crab culture area. The four transects 
of Shengjin Lake were all fish culture areas and included 
the following: 1) Hengzhou (HZ), Lianhe (LH), the main 
habitats being the deep-water lake area, and mud flat; 2) 
Daba (DB), Changling (CL), the habitats being the 
shallow water area, bare flat and grass flat. When the 
water level fell in winter, huge areas of grass flat and 
mud flat appeared (Fig. 1). 

The waterbird surveys were conducted from 
November 2007—April 2008 and from November 
2008—April 2009, 
migration of the waterbirds, the wintering season was 


respectively. According to the 
divided into three periods: the early wintering period 
(November-December), the stable wintering period 
(January-February of the following year) and the later 
wintering period (May-April of the following year). In 
both the early and later wintering periods, species 
composition and quantity of waterbirds varied 
significantly. We conducted a transect survey every half 
month. Since species composition and quantity of 
waterbirds were relatively constant in stable wintering 
period, the survey was conducted every month. During 
the survey, GPS was used to locate the belt transects. A 
range finder (BUSHNELL, 1500) was used to define the 
distance range within 1 000 m along one direction; a 
monocular (BOSMA, ST16-48x65B) and binocular 
(PANDA, 10x42) were used to observe and count 
species composition and quantity of waterbirds in the 
belt transects. For areas with a smaller number of 
waterbirds, direct counting was adopted; for areas with a 
larger assemble of waterbirds, group-number counting 
was adopted (Ma et al., 2006). 
1.2.2 Statistical Analysis 

According to the length and observation scope of 
the belt transects, waterbird quantity along the transects 
was converted into individual quantity in unit area. The 
species with density greater than 10.0 ind./hm? were 
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Fig. 1 Sample strips in Caizi Lake and Shengjin Lake 
CG:Caogang; SS:Songshan; ZT:Zhutan; MS:Meishan; SX:Shuangxing; XR:Xianrang; CF: Chefu, HZ: Hengzhou; LH: Lianhe; DB:Daba; CL:Changling. 


defined as the dominant species in the community. 
Statistics software (SPSS Version 17.0, http://www. 
spss.com) was applied to compare the differences 
between the main wintering communities in different 
wintering periods by ANOVA. Supported by PC-ORD 
(Version 5.0, MjM Software), cluster analysis was 
conducted according to species composition and density 
of waterbirds along the transects. The community 
features of the waterbirds were analyzed after grouping 
the research areas with the similarity between the species 
composition and density of waterbirds. 


2 Results 


2.1 Species and quantity of wintering waterbirds 
During the two wintering seasons from November 
2007 April 2008 and from November 2008-April 2009, 
respectively, a total of 119 105 waterbirds were surveyed 
in the 11 belt transects, amounting to 42 species 
belonging to7 orders of 12 families, including 15 species 
of Anseriformes, 12 species of Charadriiformes, three 
species of Ardeidae, two species of Gruiformes, two 
species of Ciconiidae, two species of Laridae, two 
species of Podicipedidae, two species of Rallidae, one 


species of Threskiornithidae, and one species of 
Phalacrocoracidae. There were a total of 47 species 
waterbirds in the two lakes including the other five 
species waterbirds outside the 11 belt transects 
(Appendix 1). A total of 38 waterbird species were 
surveyed in Caizi Lakes, and 42 species were surveyed at 
Shengjin Lake (Fig. 2). Six waterbird species, Ciconia 
Platalea 
columbianus, Anser albifrons, and Anser erythropus 


nigra, Grus vipio, leucorodia, Cygnus 
were National Key Protected Wild Animals. A number 
of species observed are listed as endangered on the Red 
List of Threatened Species of IUCN, including Ciconia 
boyciana and Grus vipio, as well as vulnerable and 
nearly threatened species such as Anas falcata, Anser 
cygnoides, and Anser erythropus. The waterbird density 
in Caizi Lakes was 8.21 ind./hm? and in Shengjin Lake 
was 3.46 ind./hm”. According to the densities of different 
species, the dominant species in Shengjin Lake were 
Anser cygnoides, Anser fabalis and Cygnus columbianus. 
As well as these three species, Calidris alpina was also 
dominant in Caizi Lakes. 

In the early wintering period in both Caizi Lakes 


and Shengjin Lake, the waterbird species increased 
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rapidly. By the end of December and the beginning of 
January of the following year, the number of species 
reached a cumulative monthly peak of 40. In the middle 
wintering period (January - February of the following 
year), the number of species of wintering waterbirds 
remained constant. In the later wintering period (March - 
April of the following year), the number of species of 
waterbird gradually declined. The time for each species 
to reach maximum varied; for example, Charadriiformes 
peaked in November and Anseriformes in February (Fig. 
3). While peak total density occurred in January, 
different waterbird groups reached their density peak 
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values at different times: Anseriformes peaked at the end 
of February and Charadriiforme in January (Fig 4). The 
densities of Anseriformes were different during the three 
wintering periods (n=11, F230=4.74, P=0.016), with the 
density in the early winter period showing significantly 
differences to the middle wintering period (P=0.07). The 
density of Anseriformes in midddle and late winter were 
different (P=0.026). The Ardeidae, Charadriiformes and 
Gruiformes showed no significant variation in density in 








the early, middle and later wintering periods (n=11, P > 
0.05) (Fig. 5). 
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Fig. 2 The number of dominant waterbirds species in Caizi Lakes and Shengjin Lake 
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Fig. 3 Seasonal variation of dominant wintering waterbird 
species in Caizi Lakes and Shengjin Lake 
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g. 4 Seasonal variation of the density of dominant wintering 
waterbird species in Caizi Lakes and Shengjin Lake 
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Fig. 5 The density of dominant waterbird species in the three wintering periods 


Letters on the bar indicates difference of numbers in dominant waterbirds between two wintering period. “a-a”, “b-b”and “c-c” indicate there no difference, “a- 


b” and “a-c” indicate significant difference in two corresponding wintering periods. 
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2.2 Spatial distribution of wintering waterbirds 

In a certain wintering period, the average waterbird 
density along the transects in Caizi Lakes was larger than 
that in Shengjin Lake, while the total number of 
waterbird species in Shengjin Lake was greater than that 
Lakes (Tab. 1). species 
composition and density of the waterbirds, the 11 


of Caizi According to 
transects were divided into three groups: Group I, the 
five belt transects in Caizi Lakes (MS, CG, SX, XR, and 
CF) with many years of cage crab cultivation classified 
into one group; Group II, the four belt transects in 


Shengjin Lake (HZ, LH, DB, and CL) and one belt 
transect in Caizi Lakes (SS) with fish culture and 
polyculture of fish and crabs classified into one group; 
and Group III, the natural fishery area planned for 
development Zhutan (ZT) in Caizi Lakes (Fig. 6). 

Among different groups, the average Gruiformes, 
Anseriformes, and Charadriiformes densities in Group III 
were higher than that in Groups II and I, while the 
density of Ardidae showed smaller changes in density 
among the three groups (Fig. 5). 


Tab. 1 The total number of species and average density of waterbirds in Caizi Lakes and Shengjin Lake in the three 
wintering periods 


























Nov.— Dec. Jan.— Feb. Mar.— Apr. 
Take Density Density Density 
Number of species (ind. yam?) tvalue Number of species (ind. /hm?) t value Number of species (nd. Mhm) t value 
Caizi Lakes 35 7.4043 .44 38 9.67+4.36 37 8.3442.28 
0.949 0.976 0.998 
Shengjin Lake 36 2.96+0.50 39 3.91+0.39 37 3.63+0.40 
“a” indicates no significant difference. 
Distance (Objective Function) 
1.3E-01 1.5E+01 3E+01 4.5E+01 6E+01 
Information Remaining (%) 
100 75 5 25 0 

CG 

SX 1 

CF 
XR 
MS 

SS 2 

HZ 

CL 

LH 
DB 3 

ZT 





Fig. 6 Cluster analysis of spatial distribution of waterbirds in Caizi Lakes and Shengjin Lake 


Euclidean distance was used as indicator in cluster analysis, with Ward’s method adopted as the cluster method. 


3 Discussion 


3.1 Dynamics of species composition and quantity of 

wintering waterbirds 

Temporary and special dynamics are important 
ecological characteristics of waterbird communities, 
which of the waterbird 
community and interaction between environmental 
factors and the waterbird community (Mai, 2006; Chen 
et al, 2005). The structure of waterbird communities in 


reflect seasonal change 


the stopover and wintering habitats, including river 
mouths, gulfs and lakes, change continuously and during 
the entire wintering and migration period new bird 
species migrate in and out constantly (Ma et al, 2009; 


Zhang et al, 2004). The shallow lakes in Anhui Province 
along the Yangtze River are located on the East Asia- 
Australia Flyway. Every November migratory birds 
begin to migrate along this flyway, with the number of 
species and quantity of waterbirds peaking in December 
(Fig. 3, Fig. 4). During this period, as the water level 
falls, large shoal areas are bared, which serve as ideal 
waterbird habitat and provide abundant food resources 
(Jing et al, 2007; Liu et al, 2001). The lake does not 
freeze so food supply is ample in an otherwise critical 
period for migratory waterbirds. 

The temporary and spatial separation of waterbirds 
for wetland resources habitats provides the basis of their 
co-existence in winter (Gunaratne et al, 2008; Chen et al, 
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2005). This study showed that the quantity of 
Charadriiformes reaches its maximum in January while 
Anseriformes reached maximum in February, indicating 
the temporary separation of different species in wintering 
sites. The densities of all species declined slightly in 
December (Fig. 4), which was the harvesting season of 
aquatic products for the lakes along the middle and lower 
reaches of the Yangtze River. Anthropic activities such 
as seine fishing could have an adverse impact on 
wintering waterbirds. In the early wintering period, in 
particular, waterbirds are more sensitive to human 
disturbance (Jiang et al, 2007; Jing et al, 2002). 
Therefore, waterbird migration and human disturbance 
are two important factors influencing seasonal dynamics 
in the wintering waterbird community of the middle and 
lower Yangtze River floodplain lakes. 
3.2 Influence of the lake exploitation pattern on 

wintering waterbirds 

The spatial distribution of waterbirds mainly 
depends on the availability of resources, human 
disturbance, and environmental factors (Taft & Haig, 
2006; Zhu et al, 2007). Cluster analysis indicated that 
species composition and density of the waterbirds in crab 
culture areas and the fish and crab polyculture areas in 
Caizi Lakes and Shengjin Lake were highly similar but 
manifested large differences compared to those in natural 
fishery areas (i.e., Zhutan, ZT) (Fig. 6). This difference 
showed that different lake aquaculture patterns exerted 
some influence on waterbird species composition, 
especially with the quantities of the Gruiformes and 
Anseriformes (Tab. 2). Different lake aquaculture 
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patterns altered the hydrological structures of lakes in 
winter. It should be noted that hydrological conditions 
are critical factors determining the spatial distribution of 
waterbirds. By influencing the exposure degree of the 
lake plants and the benthos, hydrological conditions had 
a significant impact on food resources of wintering 
waterbirds, thus determining the waterbirds’ spatial 
composition (Thomas et al, 2006; Alejandro et al, 2007). 
The density distribution of Gruiformes in the fish and 
crab culture areas differed from that in the natural fishery 
areas (Tab. 2), probably due to the long-term high- 
density fishery aquaculture causing deterioration of the 
water environment, aqueous vegetation and food 
resources, which led to the change in quantity distribution 
of Gruiformes (Zhao et al, 2002). However, the wading 
Ardeidae species were less affected by vegetation 
degradation caused by various fishery patterns as they 
mainly feed on small fish. Anseriformes feed on the 
benthos of large size and plant rhizomes, and usually 
chose the patchy and discontinuous small water 
profundal zones as feeding sites. When soil dams were 
constructed in the shallow lakes, the habitats were 
transformed into patches, while maintaining certain 
water depth locally. While such a situation may benefit 
the Anseriformes, after the high-density aquaculture of 
Eriocheir sinensis, vast quantities of benthos were 
consumed and food resources were reduced. Such lake 
aquaculture patterns may be the critical reason for the 
significant influence on Anseriformes (Hakan & Marcel, 
2008; Zhao, et al, 2008). 


Tab. 2 The dominant waterbird density in lake zones with different fishery patterns 








Ardeidae Gruiformes Anseriformes Charadriiformes 
Lake zone 
Mean difference P Mean difference P Mean difference P Mean difference P 
I-I 0.153 0.345 0.576 0.132 0.923 0.751 0.933 0.975 
-M —0.163 0.317 -1.816" 0.002 -14.576" 0.002 —6.326 0.066 
II- I 0.010 0.949 1.240" 0.009 13.653" 0.003 6.233 0.069 


I, II, III were the transect groups described in the text. “indicates that the significance of difference is 0.01. 


Shengjin Lake and Caizi Lakes are important 
wintering sites for migratory birds along the Yangtze 
River, and these areas are experiencing increasing 
environmental pressure. On the whole, the waterbird 
densities in the two lakes showed little difference; 
however, in local lake areas with different aquaculture 
patterns, dominant species of wintering waterbird 
communities, such as Gruiformes and Anseriformes, 
have been greatly influenced. Therefore, lake fishery 
patterns are highly important to the conservation of 


wintering waterbirds and the sustainable exploitation of 
lake wetlands. 
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Appendix 1 The distribution of Waterbirds in the 11 belt transects of the two lakes 


Order Family Science name Caizi Lake Shengjin Lake 





Podicipedifomes Podicipedidae Tachbaptus ruficollis 
Podiceps cristatus 
Pelecaniformes Phalacrocoracidae Phalacrocorax carbo 
Ciconiiformes Ardeidae Egretta alba 
Ardea cinerea 
Egretta intermedia 
Egretta garzatta” 
Ciconiidae Ciconia nigra 
Ciconia boyciana 
Threskiornithidae Platalea leucorodia 
Anseriformes Anatidae Cygnus columbianus 
Anser cygnoides 
Anser fabalis 
Anser albifrons 


Anser erythropus 


+tt+t++t+t++++t+++++ 


Anser anser 


+t+++t+tt++t+tt++++4++ 


. . * 
Anser indicus 


* 
Anser caerulescens 


+ 


Todorna ferruginea 
Anas penelope 
Anas falcata 
Anas crecca 
Anas platyrhynchos 
Anas poecilorhyncha 
Anas acuta 
Anas querquedula 
Mergus albellus* 
Mergus merganser 


; À ; 
Gruiformes Gruidae Grus leucogeranus 


Grus grus 


t++ettett+et 


Grus vipio 
Rallidae Gallinula chloropus 


Fulica atra 


Charadriiformes Recurvirostridae Recurvirostra avosetta + 
Charadriidae Vanellus vanellus 

Charadrius placidus + 

Charadrius dubius + 

Charadrius lexandrinu T 

Scolopacidae Capella gallinago + 

Tringa erythropus + 

Tringa ochropus + 


Tringa totanus we 





Tringa nebularia + 
Mumenius adagascariensisi 


Calidris alpina T 
Laridae Laridae Larus vegae 


+tt+t+t++t++++t+++++++++++t+++tt+++ 


++ 


Larus ridibundus 


“-++”stands for the species distribution in the lake area, “*” stands for the species detecting out of the transects. 
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